INTRODUCTION
Conducting polymers have become important for various potential applications due to the achievements in improved solubility and processability. Although most of the sensor applications involve Faraday pro cesses with charge transfer across the polymer/elec trolyte interface, potentiometry is an interesting opportunity to develop diagnostic methods without any current applied nor additional labeling needed. In potentiometry, one of the oldest methods to monitor changes like pH, the diffusion of ions through a mem brane results in charge separation causing the detect able potential difference without any current or addi tional labeling applied. Similarly, polyaniline, an elec trically conducting polymer, has shown quantitative pH response as in the protonated form polyaniline is a 3D entity with ions and electrons and acts efficiently as an ion to electron transducer [1] . The selectivity for other small ions can be achieved by introduction of an ionophores [2], ion traps or surface imprints [3, [4] [5] [6] [7] [8] [9] causing similar charge separation for potential dif ference measurement. All the above mentioned appli cations really monitor only the diffusion of small ionic analytes resulting in the charge separation.
1 The text was submitted by the authors in English.
Our previous research has shown that voltage change can be similarly monitored as a result of poly electrolyte adsorption on ionic polyaniline surface, and not only during the initial adsorption on the elec trode surface but also during the adsorption of subse quent oppositely charged polyelectrolytes [10] [11] . Selectivity can be elegantly enhanced by monitoring the unique binding of biological macromolecules such as antibody antigen interaction or DNA hybridiza tion. In both cases, the "probe macromolecule" is bound to the surface of cationic conducting polymer forming a complex similar to interpolyelectrolyte complex (IPEC): the macromolecules bind to each other due to the entropy increase with the large num ber of counter ion pairs formed. The sensitivity is enhanced as the ion diffusion membrane thickness changes during the binding. Usually membrane thick ness is considered constant as a boundary condition (see phase equilibria, site diffusion or NPP models [12] ). An example of the subsequent macromolecular binding is double helix formation on the surface as the complimentary strand binds with the surface bound single strand probe: charge is accumulated on the sur face with the doubled amount of phosphate groups and the helix forms an ion diffusion barrier. A potentiometric pH meter has been developed using polyaniline based working electrode and with improved selectivity using ionophores, the polyaniline based potentiometer has been applied to monitor various ions mainly in environmental applications. The polyaniline working electrode can be used to monitor not only the binding of a biological ionic macromolecules on polyaniline surface but also the binding of the adsorbed mac romolecule with another macromolecule. We present first how the working electrode was prepared by poly merization of aniline in Nylon 6 matrix to provide the mechanical strength and then how single strand oli gonucleotide probe binds with polyaniline surface. We then present how an electrode modification with mer captoethanol results in a surface protected against non specific binding and then finally we present the results of monitoring the complimentary strand binding leading to the formation of the double strand DNA. We monitored the polymerization kinetics of aniline in Nylon 6, and followed the morphological changes by AFM and the percolation threshold by conductivity measurements. These films were then used as the working electrodes in potentiometric mea surements for pH, addition of anionic sulphonated polystyrene, anionic single strand oligonucleotide (ssODN) and finally the hybridization with a compli mentary ODN (cODN) strand.
EXPERIMENTAL SECTION Materials
Reagent grade aniline (ANI) C 6 H 5 NH 2 (M = 93 g/mol, Aldrich Company) was vacuum distilled under reduce pressure prior the use. Nylon 6 films, of 70 µm thickness and degree of crystallinity less than 30%, were obtained from Kaprolit Inc (Russia). The films were washed by methanol and water and dried at room temperature for 24 hours. Ammonium persul fate (NH 4 ) 2 S 2 O 8 (APS), sodium salt of polystyrene sulfonic acid (PSSNa, M w = 100000) purchased from ICN Biomedical Inc. (USA) were used as received without further purification. All experiments with bio logical substances were carried out in phosphate buffer solution (0.1 M K 2 HPO 4 + 0.1 M NaOH, pH 7, 0.5 M NaCl). For all experiments bidistilled water was addi tionally cleaned from organic impurities with the help of "Milli Q" system (Millipore, USA). 
Saturation of Nylon 6 Films
The films as received were washed with methanol and water and then dried at room temperature for 24 h. Nylon 6 films were saturated in the following media: aniline; aqueous 0.38 M aniline solution; 0.38 M aniline solution in 1 M HCl. To determine the amount of aniline in the films by weight uptake method nylon 6 films were immersed into the media mentioned above and changes of their mass were esti mated after each hour. The degree of nylon 6 swelling (α, %) was calculated using following formula: α, % = (m -m 0 )/m 0 × 100%, where m 0 is original mass of nylon 6, m is mass of the nylon 6 films after aniline absorption.
Preparation of Polyaniline nylon 6 (PANI/Nylon 6) Composite Materials
The composite films were prepared using the pub lished method [20] with some modification. The Nylon 6 films were saturated with aniline by immers ing into aqueous solution containing 0.38 M of aniline for 10 hours. Aniline absorbed Nylon 6 films were immersed in a 1 M HCl solution carrying 0.17 M of aniline and 0.2 M of aqueous APS. Final ratio of con centrations between aniline monomer and ammo nium persulfate was 1 : 1.2. Usually polymerization was carried out at 25°C for 50 minutes. After that composite films were washed with distilled water until the washing solution was completely colorless and dried for 24 hour under the room temperature.
Construction of Potentiometric Cell
The two electrode system was Ag/AgCl reference electrode (saturated KCl) and PANI/Nylon 6 film as a working electrode. The potential of the PANI/Nylon 6 indicator working electrode was mea sured against reference electrode with "pH 150" potentiometer. In order to avoid interference of stud ied compounds with the reference electrode, the Ag/AgCl electrode was placed into PVC tube filled with agar (for preparation of agar gel, 1.5% (w/v) was dissolved in 1 M KCl). The potential change due to the addition of a complimentary target was monitored under same conditions.
Chemisorption of Oligonucleotide Onto the Surface of PANI/Nylon 6 Electrode
The chemisorption of 20 mer oligonucleotide modified with thiol groups onto polyaniline Nylon 6 support was used for biosensor preparation. A film of PANI/Nylon 6 was immersed in a 1 µM solution of thiolated 20 mer oligonucleotide for 30 min till stable potentiometric response measured by "Orion" poten tiometer was received. The potential response was investigated by immersing the PANI/Nylon 6 elec trode with the immobilized oligonucleotide in the
